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Iffl’NODUCTION 

Thin  in  U*  final  report  for  u  data  analysin  program  applied  to  a 
cat*  lUt*?  that  vno  designed  to  investigate  the  characteristics  and  causes 
of  horizontal  ion  density  gradients  in  the  P-rcgion  ionosphere.  The 
tnUMIIt*1  InrLrwni  designed  and  developed  under  Contract  NOnr- 

h  )  for  1 1 iv* •  t  t  i i'll l lun  ol*  th*  extent  and  causes  of  horizontal  lono- 

ph*  rl  •  structure  who  success Fully  launched  on  the  0V1-18  satellite  on 
1 8  March  V)Oj  Into  a  99°  inclination  orbit  with  u  */90  km  apogee  and  a 
km  perigee.  All  of  the  13  inotrusents  operated  successfully  on  orbit 
wild  provided  valuable  data.  After  18  months  of  on-orbit  operation,  11  of 
the  instruments  were  still  providing  excellent  data.  The  satellite  per¬ 
formance  vac  good  except  for  the  attitude  stabilization  which  was  never 
achieved.  The  satellite  has  been  turned  off  since  September,  1970,  due 
to  the  failure  of  the  on-board  tape  recorder.  As  a  result  of  the 
satellite  Instabilities,  the  data  analysis  procedures  are  more  complex 
and  the  cpatlnl  coverage  will  be  restricted  for  some  of  the  measured 
pa  ranc  tore. 

Preliminary  data  reduction  and  analysis  has  been  achieved  for  selected 
orbltc  up  to  revolution  1500.  The  quality  of  the  data  is  excellent  and  the 
large  variations  In  the  solar  and  geophysical  conditions  during  the  period 
provide  the  desired  opportunities  to  lmrestlgite  the  ionospheric  charac¬ 
ter  let ics  for  a  wide  variety  of  conditions.  The  emphasis  placed  on  the 
analysis  effe  rt  under  the  present  contract  was  with  the  data  acquired 
prior  to  satellite  revolution  number  225  since  the  instrument  to  measure 
the  positive  ion  density  and  temperature  did  not  function  properly  on 
later  revolutions. 
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The  ionosphere  is  frequently  characterized  by  its  ability  to  absorb, 
refract,  or  reflect  electromagnetic  irradiations.  These  characteristics 
are  clearly  important  to  terrestrial  and  space  communications  networks  and 
to  radar  tracking  systems,  particularly  over-the-horizon  tracking  systems. 
In  addition,  the  ionosphere  plays  an  important  role  in  the  ability  to 
detect,  locate,  and  characterize  nuclear  detonations  by  means  of  the  elec¬ 
tromagnetic  signals  produced  by  the  detonations.  Changes  in  the  natural 
ionosphere  density  and  composition  are  also  produced  by  nuclear  detonations 
in  or  near  the  ionosphere,  and  identification  of  the  perturbed  ionization 
can  serve  as  a  means  of  detection  and  characterization  of  the  nuclear 
device. 

It  is  well  known  that  nuclear  detonations  in  the  earth's  magneto¬ 
sphere  produce  strong  electromagnetic  signals,  particularly  in  the  low- 
frequency  range.  Detection  of  these  signals  and  measurements  of  their 
characteristics  provide  a  means  of  identifying,  locating,  and  character¬ 
izing  a  nuclear  detonation.  Electromagnetic  signals  from  nuclear  detona¬ 
tions  have  frequently  been  observed  at  large  distances  from  the  point  of 
detonation  as  a  result  of  the  propagation  of  the  signals  through  the 
ionosphere  or  within  the  earth- ionosphere  cavity.  The  intensity,  time 
dependence,  and  frequency  composition  of  these  signals  at  remote  distances 
are  strong  functions  of  the  characteristics  of  the  ionosphere.  At  present, 
our  limited  knowledge  of  the  structure  of  the  ionosphere  continues  to 
limit  our  ability  to  determine  the  electromagnetic  source  characteristics 
from  measurements  on  the  signals  received  at  distant  stations. 

Prior  to  the  initiation  of  the  present  program,  large  horizontal 
gradients  in  the  ion  density  near  the  region  of  maximum  density  in  the 
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F-region  (300-350  km)  had  been  observed  by  the  Lockheed  Upper  Atmosphe res 

Group1  with  satellite  instrumentation  during  a  4-day  flight  in  November 

l'X> 3*  Gome  of  the  gradients  persisted  from  day  to  day  and  were  generally 

aligned  with  the  magnetic  field.  These  data,  coupled  with  earlier  data 

from  the  Alouette  topside  sounder,  indicated  that  a  nighttime  trough  of 

low  ion  density  might  be  present  at  all  altitudes  on  the  equatorial  side 

of  the  auroral  zones.  The  data  also  shoved  that  the  ion  density  gradients 

on  the  nights  ide  of  the  earth  in  the  region  of  the  polar  auroral  zones  were 

related  to  the  low-energy  precipitated  particle  fluxes  in  those  regions. 

Horizontal  gradients  were  also  observed  in  the  South  Atlantic  anomaly 

region  and  they  appeared  to  be  directly  associated  with  the  artificial 

2 

radiation  belt  and  at  times  with  the  Van  Allen  radiation  belt  .  More 
detailed  reports  of  the  early  Lockheed  and  Alouette  results  have  subse¬ 
quently  been  published  elsewhere^'1*. 

The  present  program  was  undertaken  to  improve  our  understanding  of 
the  horizontal  ion  density  gradients.  The  major  goals  of  the  program  are 
l)  to  investigate  the  vertical  extent  of  the  type  of  horizontal  ion  den¬ 
sity  gradients  observed  in  November  1963;  2)  to  study  the  local  time 
dependence  and  other  long-term  and  short-term  variations  of  the  observed 
structure  and  3)  to  investigate  the  role  of  the  energetic  particle  fluxes 
in  providing  the  ion  density  gradients* 

Initially,  two  satellite  flights  were  planned*  One  was  to  be  flown 
above  the  F-region  peak  density  (400-500  km)  and  one  below  the  peak  (250- 
300  km).  The  satellite  experiment  that  has  been  completed  and  is  reported 
here  was  flown  above  the  F-peak. 
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A  complete  list  of  the  instrunents  flown  on  0V1-18  under  the  heading 
of  HIGLO  (Horizontal  Ion  Density  Gradients  in  the  Lower  Atmosphere)  is 
given  in  Table  1.1.  Included  in  the  table  is  a  brief  statement  of  the 
measurement  made  by  each  instrument.  A  rather  complete  description  of 
each  of  the  instruments,  their  calibration  and  operation,  is  included 

s 

in  the  Final  Report  of  Investigations  of  Horizontal  Ion  Density  Gradients 
and  will  not  be  repeated  here. 
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Instrument  Measurement 
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Section  2 


VEHICIE  EPHEMERIS  AND  ATTITUDE  DETERMINATION 

2. 1  Ephemeris  Determination 

The  ephemeri:;  program  routinely  userl  in  conjunction  with  the  data 
analysis  makes  use  oT  the  inertial  coordinates  provided  on  an  hourly 
basis  by  ENT  Air  Force  Base,  Colorado.  The  program  represents  a  modifi¬ 
cation  of  one  previously  written  at  IMSC.  In  addition  to  providing  the 
geographic  coordinates  once  every  ten  seconds,  several  other  important 
q  antities  are  computed.  Subroutines  are  incorporated  for  calculating 
various  quantities  relating  to  the  earth's  magnetic  field:  B,L,  the 
invariant  latitude,  altitude  of  the  conjugate  point,  and  the  auroral 

time.  For  a  typical  orbit  acquisition  approximately  two  to  three  minutes 
o<‘  1108  computer  time  is  required. 

The  validity  of  the  ephemeris  program  is  checked  on  a  given  orbit 
by  comparison  of  current  output  of  the  solar  arrays  to  the  times  of  tran¬ 
sition  from  sunlight  to  darkness  as  calculated  by  the  ephemeris  program. 
This  test  can  indicate  accuracy  of  3  to  5  seconds  of  time  in  the  ephemeris. 
Another  validity  check  involves  comparisons  between  the  magnetic  field 
strengths  measured  with  the  magnetometer  and  those  calculated  from  the 
geographic  position  and  the  earth's  magnetic  field  model.  This  tech¬ 
nique  will  readily  indicate  the  existence  of  large  errors  in  the  ephemeris 
but  is  not  competitive  with  the  light  sensors  in  regard  to  accuracy. 

The  response  of  the  PFM  instrument  to  the  four  crossings  of  the  outer 
radiation  belt  on  each  orbit  also  serves  as  an  indication  of  any  gross 
ephemeris  errors. 
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Ac  a  result  of  the  foregoing  tests  it  was  discovered  that  the  ephem- 
<- r i c  values  supplied  by  ENT  Air  Force  Base  were  in  serious  error  for  the 
first  j88  orbits.  For  example,  on  orbit  388  the  light  sensor  indicated 
a  time  equivalent  error  of  12 8  seconds.  Upon  further  checking,  a  sudden 
step  function  in  the  satellite  position,  as  derived  from  the  ephemeris 
cards  supplied  by  ENT,  was  uncovered.  It  is  now  generally  agreed  that  the 
tracking  data  used  were  for  another  object  near  the  0V1-18  satellite.  For 
six  months  personnel  at  ENT  tried  without  success  to  generate  a  correct 
ephemeris  for  the  first  388  orbits.  As  a  result  of  their  difficulties 
it  became  necessary  to  obtain  valid  ephemeris  for  orbits  less  than 
388  by  utilizing  an  IMSC  program  to  min  "backward"  in  time  for  about  20 
days  to  cover  the  earlier  orbits.  In  this  way  it  was  possible  to  generate 
ephemeris  with  adequate  accuracy  for  all  orbits  up  to  orbit  number  388. 

The  accuracy  of  the  ephemeris  was  tested  for  revolution  8007  by  comparing 
the  calculated  positions  with  those  measured  with  radar  techniques  by 
Dr.  A.  Freed  at  Lincoln  Laboratory,  Massachusetts  Institute  of  Technology. 
The  calculated  and  measured  positions  were  found  to  agree  within  five 
kilometers. 

2.2  Attitude  Determination 

The  most  difficult  task  associated  with  this  data  analysis  effort 
was  the  development  of  techniques  to  establish  the  vehicle  attitude  with 
respect  to  the  vehicle  velocity  vector.  The  need  arising  from  the  fact 
the  gravity-gradient  stabilization  booms  were  never  properly  deployed 
which  meant  that  the  OVl-18  satellite  never  achieved  the  desired  three- 
axis,  earth-centered  stabilization. 
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Initially,  the  satellite  instability  manifested  itself  as  a  rela¬ 
tively  slow  tumble  with  a  rate  of  0.01  per  minute  or  approximately  one 
complete  revolution  per  orbit.  The  tumble  rate  slowly  increased  in  an 
approximately  linear  manner  to  0.28  revolutions  per  minute  as  shown  in 
Figure  2-1  until  mid-September  1969  when  one  or  more  of  the  booms  appar¬ 
ently  came  free  of  the  satellite.  At  this  point,  the  tumble  rate  increased 
more  dramatically  to  a  maximum  value  of  0.1*8  revolution  per  minute  and 
then  slowly  decreased  to  the  present  value  of  approximately  OJiO  revolu¬ 
tion  per  minute.  The  tumble  rate  was  continuously  monitored  along  the 
three  principle  vehicle  axes  by  a  tri-axis  magnetometer. 

When  the  vehicle  is  in  the  sun,  its  attitude  can  be  obtained  from 
the  sun  sensor  and  magnetometers  on  board  the  vehicle.  A  first  step, 
then,  was  to  establish  the  residual  offsets  of  the  magnetometers  so  that 
their  readings  can  be  compared  to  a  model  of  the  earth's  magnetic  field. 

In  addition,  all  the  energetic  particle  measuring  instruments  required  an 
accurate  knowledge  of  their  orientation  with  respect  to  the  earth's  mag¬ 
netic  field.  The  calculated  orientation  of  the  instruments  is  very  sensi¬ 
tive  to  the  corrections  to  the  measured  field  which  must  be  applied 
because  of  vehicle  fields.  If  one  assumes  that  the  vector  offset  field 
is  constant  in  the  frame  of  the  satellite,  it  can  be  determined  by  com¬ 
paring  the  measured  field  with  the  field  expected  on  the  basis  of  estab¬ 
lished  field  models*  If  ve  define  the  quantities 

Bq  =  Model  field 
^  a  Measured  field 

^  a  "  B0 

an  offset  field  will  show  up  as  a  quasi-periodic  modulation  of  AB  with  a 
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970 


period  equal  to  the  spin  period  or  the  satellite.  This  le  clearly  drmon- 
ntroted  In  Flgur*  ?•?.  The  Modulation  is  not  a  staple  sinusoidal  function 
is-causc  the  vector  orientation  of  the  vehicle  offset  field  and  tir?  gcoan g- 
»K: tie  field  varien  in  a  complex  way  at  tir  eatellite  tumuloc. 

If  ott:  atouaer  a  port,iii»  vehicle  offset  field  with  vector  componentc 
-Cj  where  denoted  the  coorllmte  axle  and  an  error  In  the  calibration 
scale  factor  of  (A^-l)  for  each  axis,  we  can  relate  the  t nr  (model)  field 
Bj  to  the  measured  field  t ,  in  the  following  way. 

Bj<0  ■  A/bjtt)  *  Cj] 

If  the  vehicle  orientation  were  Independently  known,  one  could  calcu¬ 
late  Bj(t)  From  the  model  and  evaluate  C ,  and  Aj  from  a  best  fit.  However, 
without  prior  knowledge  of  the  vehicle  orientation  we  must  base  our  correc¬ 
tions  on  the  discrepancy  In  the  total  field. 

B(t)  -  ^A^rb,(t)  4  4  b2(t)  4  C?:?  4  *  C3]?y 

To  evaluate  C^,  we  first  choose  cases  where  b^ftj)  *  bj(tj)  »  0,  in  which 
case  we  can  write 


where  we  have  used  the  notation  B(tl)  •  Bj  and  bj(tj)  •  b-j.  If,  at  is 
shown  to  be  the  case,  the  cornctions  are  aaall  compared  with  the  total 
field,  we  can  drop  the  second  order  terms  and  obtain 

B1  *  Mbli  4  Cl^* 

From  two  such  cases,  one  where  >  0  and  the  other  where  b^  <  0, 
we  have 
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Figure  2-2  lhe  Effects  of  Magnetic  Field  Offsets  on  the  Uncorrected 
Magnetometer  Data 


\  =  -W+ci>  “VkJ  -C1> 


B 


.  =  A^b^). 


Then 


A 


1 


Bi  +  \ 


_  Bi|blk!  '  Bkbll  . 

1  =  _V\ 

Similar  results  are  obtained  for  A£,C2  and  A  ,C-  by  choosing  suitable 
cases  where  =  0  and  b^  =  bg  =  0,  respectively. 

A  statistical  analysis  of  all  available  data  for  these  cases  lead  to 
the  following  results. 


CR  =  -19  mG 

Cy  =  -  8  mG 
Cz  =  -  9  mG 

ar  7  \  :  Az  :  l-02 

Figure  2,3  is  the  same  data  shown  in  Figure  2*2  after  correcting  for 
the  offset  field,  but  not  applying  the  scale  factor.  The  solid  line  shows 
where  the  zero  line  would  be  if  a  scale  correction  A  =  1.025  were  applied 
to  the  data.  It  is  obvious  that  the  periodic  modulation  has  been  elimi¬ 
nated.  The  remaining  scatter  results  primarily  from  the  finite  resolution 
of  the  telemetry  system  and  general  noise. 

With  the  vehicle  magnetometer  offsets  established, the  next  step  was 
to  add  the  information  from  the  solar  sensor  to  the  magnetometer  informa¬ 
tion  and  establish  the  vehicle  attitude.  It  requires  two  non-colinear 
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vectors  to  uniquely  define  the  spacecraft  attitude.  The  three  axis  mag¬ 
netometer  provides  one  vector  and  the  sum  sensor  supplies  the  other  (when 
the  vehicle  is  sunlit).  A  program  was  developed  which  determined  the 
vehicle  orientation  in  space  in  terms  of  the  three  Euler  angles  that  de¬ 
scribe  the  general  rotations  of  the  Space  Craft  Coordinate  System  with 
respect  to  the  fixe'’  earth  centered- inertial  coordinate  system.  This 
program  was  based  on  a  program  kindly  supplied  to  us  by  the  Aerospace 
Corporation  which  they  had  developed  for  this  same  purpose  on  earlier  OVI 
satellites.  Orbit-attitude  tapes  were  generated  for  the  sunlit  portion 
of  the  orbits  prior  to  number  225  using  this  computer  program. 

During  the  non-sun  illtminated  portion  of  an  orbit  the  attitude  of 
the  satellite  cannot  be  determined  in  the  straight  forward  manner  de¬ 
scribed  above.  As  mentioned  above,  it  requires  two  non-colinear  vectors 
to  uniquely  define  the  spacecraft  attitude,  and  during  the  "night-time" 
portion  of  the  orbit  only  the  magnetic  field  vector  from  the  magneto¬ 
meters  is  available.  Since  the  Ion  Energy  Analyzer  (IEA)  is  sensitive 
to  the  angle  the  velocity  vector  makes  with  the  normal  to  the  plane  of 
its  sensor,  and  since  four  sensor  elements  were  employed  and  distributed 
effectively  coplanar  in  the  spacecraft  it  has  been  possible  to  extrapo¬ 
late  the  Euler  angles  into  the  nighttime  sector.  The  Euler  angle  extra¬ 
polations  were  accomplished  by  fitting  the  measured  magnetic  field  vector 
obtained  by  the  spacecraft  to  the  model  magnetic  field  vector.  All  set6 
of  Euler  angles  compatible  with  this  vector  fit  were  used  to  calculate 
the  expected  signals  to  each  of  the  four  IEA  sensors.  The  set  of  Euler 
angles  which  gave  the  "best  fit"  to  the  measured  signals  from  the  IEA 
was  chosen  to  be  the  correct  set. 
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Prom  the  above  procedures,  it  is  felt  that  the  Euler  angles  and 
hence  the  spacecraft  attitude  have  been  determined  to  a  reasonable  accur¬ 
acy  lor  most  orbits  prior  to  number  225*  Apart  from  the  expense  in  time 
arid  money  required  to  develop  these  programs  for  vehicle  attitude,  the 
most  significant  effect  that  the  lack  of  vehicle  stability  has  produced 
is  a  reduction  in  the  fraction  of  time  spent  observing  (or  measuring)  a 
given  phenomena.  That  is,  during  significant  portions  of  some  orbits  the 
instruments  are  not  looking  in  a  favorable  direction,  as  will  be  seen  in 
the  next  section  when  the  data  from  the  ion  energy  analyzer  is  presented. 
However,  since  each  instrument  orientation  with  respect  to  either  the 
vehicle  velocity  vector  or  the  earth's  geomagnetic  field  is  known  at  all 
times,  extremely  valuable  information  has  come  from  the  data  when  the 
vehicle  orientation  is  favorable. 
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ION  CONCENTRATION 


ejection  3 


Ion  Concentration 

Ion  concentration  data  obtained  from  the  Ion  Energy  Analyzer  is  presented 
in  Figures  3-1  to  3~$*  The  ion  concentration  is  plotted  as  a  function  of 
universal  time  (in  seconds).  At  each  500  sec  time  interval,  the  corre¬ 
sponding  values  of  vehicle  altitude,  geographic  latitude  and  geomagnetic 
L  parameter  are  also  given.  Indicated  on  each  figure  is  the  location  of 
the  point  of  transition  from  sunlight  to  darkness.  On  most  figures  the 
location  of  the  auroral  regions  are  shown  by  the  area  marked  with  an  "A." 
These  regions  were  determined  from  particle  precipitions  as  measured  by 
other  instrumentation  carried  aboard  the  vehicle.  On  those  figures  where 
auroral  zones  are  not  indicated,  there  were  no  precipitated  particles 
observed. 

Large  data  gaps  appear  in  the  data.  Small  data  gaps  also  appear, 
and  are  frequently  filled  in  with  a  broken  line.  Thus  where  broken  lines 
appear  in  the  data  the  exact  shape  of  the  ion  density  profile  is  not  pre¬ 
sented.  The  broken  line  does  signify  the  general  trend  of  the  data, 
however.  These  data  gaps,  both  large  and  small,  are  the  result  of  the 
orientation  of  the  vehicle.  During  the  data  gap  periods  the  vehicle  was 
in  an  unfavorable  orientation  for  accurate  ion  concentration  analysis. 

The  vehicle,  originally  designed  to  be  operated  in  a  stable  earth- 
oriented  mode,  assumed  a  spinning-tumbling  mode  as  described  in  the  pre¬ 
vious  section.  The  IEA  required  a  look  angle  into  the  velocity  vector  of 
less  than  50°*  Preflight  dynamical  analysis  indicated  that  stabilized 
orientation  might  not  be  achieved,  therefore,  four  separate  sensor  elements 
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were  positioned  co-planar  with  the  Roll-Zee  plane  of  the  vehicle.  One 
sensor  was  positioned  with  its  symmetry  axis  along  the  positive  zee  axis 
of  the  vehicle,  another  was  positioned  with  its  symmetry  axis  along  the 
negative  zee  axis.  The  other  two  sensor  elements  were  positioned  with 
their  symmetry  axes  making  +50°  and  -50°,  respectively,  with  the  nega¬ 
tive  zee  axis.  With  this  positioning  of  the  **  sensor  elements  nearly 
all  orientations  for  a  spinning  vehicle,  with  the  spin  vector  normal  to 
the  Roll-Zee  plane,  would  place  the  velocity  vector  within  an  acceptable 
angle  with  at  least  one  of  the  sensor  elements.  Unfortunately,  it  appears 
that  the  vehicle  also  executed  a  slow  tumbling  motion.  The  complex  motion 
of  the  vehicle  therefore  frequently  caused  the  velocity  vector  to  lie  out¬ 
side  of  the  acceptable  entrance  cones  of  any  of  the  instrument  sensors. 

On  these  occasions,  large  blocks  of  data  were  rendered  greatly  suspect 
and  were  therefore  discarded. 

During  the  period  of  observation,  the  magnetosphere  was  highly  dis¬ 
turbed.  One  of  the  most  intense  magnetic  storms  of  the  decade  was 
recorded  during  the  period  from  March  19,  1969*  to  March  25,  1969*  On 
four  of  these  five  successive  nights,  red  arcs  were  observed  at  the 
Richland  Washington  observation  site.  One  must,  therefore,  expect  that 
the  disturbance  caused  by  the  magnetic  storm  will  manifest  itself  in 
the  characteristics  of  the  ionosphere. 

A  curious  feature  of  the  data  is  that  the  expected  diurnal  effect 
on  the  ion  concentration  data  does  not  appear  to  be  present.  The  ion 
concentration  measured  on  the  nights ide  of  the  orbit  is  generally  Just 
as  large  as  the  ion  concentration  observed  on  the  days ide  of  the  orbit. 

It  may  very  well  be  that  under  these  disturbed  conditions,  a  significant 
energy  deposit  occurs  in  the  night  time  region  that  maintains  the  high 
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ionization  1/  v-  Lr  lor  that  sector.  Coupled  into  the  diurnal  effect  is 
an  altitude  effect,  however,  in  that  the  altitude  on  the  night  sector  is 
somewhat  ]ow<-r  than  the  ultitude  on  the  day  sector. 

The  most  striking  feature  of  the  data  is  the  number  and  magnitude  of 
ion  concentration  gradients.  These  gradients  are  present  both  in  the  sun¬ 
light  and  during  the  nighttime.  The  gradients  are  however  usually  more 
pronounced  during  the  night.  Frequently,  the  total  change  in  ion  concen¬ 
tration  in  one  of  the  night  time  gradients  is  about  an  order  of  magnitude, 
and  on  occasions  will  be  as  great  as  two  orders  of  magnitude.  However, 
these  latter  cases  are  usually  associated  with  the  main  night  time  ion 
density  trough. 

In  most  cases  the  night  time  main  trough  is  observed.  However,  its 
character  is  rather  variable.  The  depth  of  the  trough  varies  from  perhaps 
a  factor  of  five  to  as  much  as  two  orders  of  magnitude.  The  width  of 
the  trough  is  at  times  extremely  narrow  while  at  other  times  is  rather 
broad.  The  steepness  of  the  walls  of  the  trough  also  shows  marked  changes 
from  one  trough  to  the  next. 

Peaks  in  the  ion  concentration  data  are  also  readily  observed.  The 
highest  peaks  in  the  night  time  sector  are  found  to  occur  quite  regularly 
at  L  values  of  1.1.  The  fact  that  the  largest  peaks  occur  at  L  =  1.1  may 
be  due  however  to  an  altitude  effect.  The  altitude  is  near  its  minimum 
at  L  =  1.1.  Nevertheless,  it  is  significant  that  peaks  in  the  ion  concen¬ 
tration  occur  at  night  and  that  they  are  repetitive  in  their  location 
with  respect  to  the  geophysical  parameter  L.  Concentration  peaks  are  also 
found  to  occur  on  the  day side  of  the  orbit  although  less  frequently  and 
perhaps  less  dramatically  than  those  that  occur  at  night.  The  dayside 
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peaks  are  usually  riot  as  shurp  no r  are  they  as  pronounced  as  those  on  the 
ni^ht  side.  Generally  the  dayside  peaks  are  rather  broad  and  do  not  stand 
out  significantly  above  the  average  concentration  when  compared  to  the 
nights ide  peaks.  The  maxima  of  the  day side  peaks  consistently  occur  at 
L  values  near  1.2  and  at  positions  in  the  orbit  very  near  apogee. 

The  dayside  ion  concentration  shows  a  very  significant  latitudinal 
dependence.  The  lower  ion  concentration  values  occur  at  the  high  latitude 
regions,  even  when  those  high  latitude  regions  are  at  the  lower  altitudes 
of  the  orbits.  The  larger  ion  concentration  values  occur  generally  near 
the  equator  and  at  the  higher  altitudes.  Upon  correcting  for  the  altitude 
dependence,  the  latitude  dependence  of  ion  concentration  would  be  even 
more  pronounced. 

The  general  trend  of  the  nighttime  ion  concentration  also  indicates 
a  latitude  dependence,  with  increasing  values  as  the  vehicle  approaches 
the  equatorial  regions.  The  conclusion  for  the  nighttime  latitude  depen¬ 
dence  may  not  be  made  as  strongly  as  that  for  the  dayside  in  that  the 
height  profile  over  the  night  sector  shows  a  decrease  as  latitude  de¬ 
creases  and  is  near  minimum  at  the  equator.  Therefore,  the  ion  concen¬ 
tration  increase  measured  on  the  nights ide  as  the  vehicle  approaches  the 
equator  may  be  in  part  due  to  the  altitude  decrease. 
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Figure  3~1  Ion  Concentration  from  OVI-18  Ion  Energy  Analyzer  Taken 
March  22,  1969,  Near  1000  UT 
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Figure  3-3  Ion  Concentration  from  0 VI-16  Ion  Energy  Analyzer  Taken 
March  23,  1969*  Hear  0130  UT 


Figure  3-4  Ion  Concentration  from  OVI-18  Ion  Energy  Analyzer  Taken 
March  23,  1969,  Near  1630  UT 


Figure  3“ 5  Ion  Concentration  from  OVI-18  Ion  Energy  Analyzer  Taken 

March  23,  19^9,  Near  2400  UT 
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Figure  3-6  Ion  Concentration  from  0VI-18  Ion  Energy  Analyzer  Taken 
March  2k,  1969,  Near  1800  UT 


Figure  3-8  Ion  Concentration  from  OVI-18  Ion  Energy  Analyzer  Ta^en 
March  26,  1969,  Near  1900  UP 
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Section  4 


Electron  Measurements 

4.1  Thermal  Electron  Density  and  Temperature 

A  cylindrical  Langmuir  Probe,  kindly  supplied  by  Dr.  A.  Nagy  of  the 
University  of  Michigan,  was  flown  as  a  part  of  the  ionospheric  measure¬ 
ments  package  of  OVl-18.  The  probe  provides  a  measure  of  thermal  elec¬ 
tron  concentration,  electron  temperature,  and  vehicle  potential.  The 
intent  was  to  compare  electron  temperature  (measured  by  this  probe)  with 
the  ion  temperatures  to  be  obtained  from  the  Ion  Energy  Analyzer  and  to 
evaluate  the  probe's  usefulness  as  a  gradient  detector.  A  useful  by¬ 
product  was  the  vehicle  potential  which  was  needed  to  establish  accurate 
energy  values  for  the  supratherm&l  electrons  collected  by  the  Epithermal 
Electron  Analyzer.  Unfortunately,  the  telemetry  bandwidth  available  for 
this  probe  was  too  small  to  allow  the  probe  to  have  the  spatial  resolu¬ 
tion  in  its  measurements  to  be  able  to  do  much  about  ionospheric  gradient 
measurements. 

Figure  4-1  is  a  plot  of  the  election  concentration  obtained  from  the 
Langmuir  Probe  for  acquisition  134.  As  with  the  ion  concentration  plot 
in  .^igure  3"1>  the  electron  concentration  is  plotted  on  a  logarithmic  scale 
against  a  linear  time  scale.  The  appropriate  ephemeris  information  is 
listed  on  500  second  time  intervals.  The  open  circles  indicate  the  actual 
data  points  available  and  point  up  the  problem  of  spatial  resolution. 

The  probe  makes  accurate  measurements  of  the  ambient  electrons  except  when 
it  is  in  the  vehicle  wake.  It  was  placed  on  the  vehicle  in  such  a  manner 
that,  had  the  vehicle  been  oriented,  the  probe  would  have  had  its  axis 
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Figure  4-1  Electron* Concentration  from  OVI-18  Langmuir  Probe  Taken 
March  24,  1969,  Near  1800  ITT 


along  the  velocity  vector.  The  spinning  motion  of  the  vehicle  caused  the 
probe  to  be  in  the  vehicle  wake  a  significant  portion  of  the  time.  In 
Figure  4-1  the  wake  regions  are  indicated.  In  those  regions  little  con¬ 
fidence  can  be  placed  in  the  data  being  accurate  ambient  electron  concen¬ 
tration  values.  It  should  be  noted,  by  comparing  Figure  4-1  with  Figure 
3-8,  that  when  the  Langmuir  Probe  and  the  Ion  Energy  Analyzer  were  look¬ 
ing  in  a  favorable  (non-wake)  direction  the  measured  ion  and  electron 
concentrations  agree  very  well,  as  they  should.  The  IEA  is  able  to  show 
the  structural  detail  that  is  missing  from  the  probe  data  due  to  the  poor 
spatial  resolution  provided  for  the  probe. 

All  of  the  electron  concentration  data  has  been  reduced  for  orbits 
prior  to  225.  However,  since  the  data  did  not  provide  a  useful  input  for 
the  principle  purpose  of  this  study,  a  study  of  ion  gradients,  the  full 
set  of  data  are  not  shown  here.  The  Second  Quarterly  Technical  Report 
showed  a  plot  like  Figure  3-8  for  acquisition  66. 

The  electron  temperature  and  vehicle  potential  have  also  been  de¬ 
rived  from  the  data  from  each  of  these  orbits  prior  to  number  225.  We 
will  not  show  any  vehicle  potential  data  here  as  it  has  no  specific  geo¬ 
physical  value  and  does  not  contribute  to  the  general  objectives  of  this 
study.  Figure  4-2  is  a  plot  of  the  electron  temperature  derived  from  the 
Langmuir  probe  for  acquisition  134.  In  the  plot,  the  ambient  electron 
temperature  is  plotted  on  a  linear  scale  as  a  linear  function  of  time 
and,  as  in  Figure  4-1,  appropriate  ephemeris  information  is  supplied  on 
500  second  intervals.  The  wake  regions  are  indicated  to  show  where  the 
data  may  be  suspect.  However,  as  can  be  seen  in  the  figure,  the  electron 
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Figure  4-2  Electron  Teapereture  froa  OVI-18  langaulr  Probe  Taken 
March  24,  1969,  Near  1000  UT 


temperature  curve  seems  to  flow  smoothly  through  the  wake  regions,  from 
non-wokc  to  non-wake  ration,  which  gives  support  to  the  idea  that  even 
the  wuke-ireunured  temperatures  may  be  valid  temjrrature  measurements. 

Ob:?  nr:  U*»t,  the  electron  temperatures  tve  cured  in  the  high  latitude 
regions  are  l(K&°  to  l'/0°K  higher  than  tbor.**  measured  in  the  low  lati¬ 
tude  regions.  Poor  spatial  resolution  does  not  permit  detailed  compari¬ 
son  of  the  data  to  possible  high  latitude  energy  sources. 

k,2  Epithermal  Electrons 

Figures  l*-3#  **.ht  and  1»-J  show  the  fluxes  of  electrons  In  each  of  6 
energy  channeln  measured  by  heads  1,  2,  and  3  of  the  Epithermal  Electron 
Energy  Analyzer  (EEA)  experiment  for  acquisition  66.  In  the  figures  the 
flux  is  plotted  on  a  logarithmic  scale  with  the  scale  for  each  decreasing 
channel  nunber  displaced  downward  by  one  decade. 

Fluxes  in  a  seventh)  highest  energy  channel  (3)  have  been  measured 
also  but  not  illustrated.  The  energy  Interval  corresponding  to  each 
channel  and  the  factor  by  which  fluxes  In  each  channel  must  be  multiplied 
to  obtain  fluxes  In  units  of  cm’2  sec’1  ster’1  ev’1  are  given  in  Table 
ii.l.  To  each  energy  listed  must  be  added  the  vehicle  potential  value  to 
give  the  actual  electron  energy. 

The  following  general  observations  are  readily  evident: 

The  fluxes  in  the  more  energetic  channels  7*3  are  drastically  reduced 
at  night  where  photo  production  of  electrons  is  essentially  absent. 
Exceptions  to  this  generalization  occur  In  the  nlghtside  auroral  zones 
where  the  fluxes  in  all  channels  are  about  equal  and  at  low  invariant 
L  latitudes  of  1.1  and  1*7  where  relatively  large  fluxes  of  electrons 
(or  negative  ions)  were  observed  in  channel  7  as  well  as  in  8  and  9. 


Table  4.1 


EEA  Channel  Conversion  Factors 


Channel 

Energy  Interval 

Conversion  Factor 

_ (eV)  * _ 

Channel  eV"1  ** 

0-2 

0.465 

H 

2-4 

0.‘/>3 

7 

4  -  a 

0.257 

6 

a  -  16 

0.149 

5 

16  -  32 

0.0/4 

4 

32-64 

0.037 

3 

64  -  128 

0.019 

*  This  energy  1c  art  cured  relative  to  the  potential  energy  of 
the  vehicle  vhlch  wse  typically  3-4  eV. 

••  The  fluxes  given  In  Figures  4-3,  4-4,  and  4-5  wh*n  multiplied 
fcy  this  fhelor  tecaer  fluxes  in  unite  of  see**  ster** 
uV‘J  orntei^d  at  Ur  *rrtry  uff roftlenlely  equal  to  tie  uff «r 
mlv  ffr’irM  In  Ue  Kn»r®  lwv*ne»l  column. 


(Missing  data  on  nil  channels  during  daylight  results  when  the  particular 
heud  is  oriented  toward  the  sun.)  Note  that  the  auroral  regions  are  indi¬ 
cated  in  tile  I'ii'upT.  by  enclosed  rectangles  above  the  data. 

The  fluxes  observed  at.  night  in  channels  7>  8  and  9  by  the  three 
j»irit.e  n<  »u;  v*  r  dli'fejxutt  by  several  orders  ol'  magnitude  at  timer.. 

Ho:?,--  of  tin  d i IT*  p*ne*.'  tuny  l*e  caused  by  wake  effects  which  have  been 
documented  by  .‘Wtmlr  and  Wiimoru  (1965)*  The  difference  could  also  result 
from  an  I  sol  ropy  of  the  electron  flux  or  from  the  electron  energy  analyzer 
ccjopitig  u|  ir**?‘tlve  ions. 

A  cubcumtinl  fraction  of  the  tine— both  day  and  nlght--the  flux  in 
Umar  I  8  vac  largr-r  than  channel  9.  This  ncans  that  there  was  a  rela¬ 
tive  ’sax.mes  in  the  flux  ve.  cncnrgr  spectrum  at  an  energy  of  about  7  eV 
(finer*  Ur  vehicle  potential  war.  ara  cured  to  be  -3  Volt®  at  the*"  itire). 
Sgdi  a  hunt  bar  teen  |r4lctd  at  lower  altitude  and  during  daylight  by 
Ur  r  •  1  a|  ciudlcc  (thuy  and  hunl't,  1970;  Halgamo  el  al.»  l^O))  tat 
Ml  ten  eopUH  at  night*  *  large  fractional  content  of  0*  Ion* 
in  Ur  lonwflc’ i»-  v  aild  produce  the  cane  effect. 

fhr  flu#  in  all  rfmmmXt  over  the  angmtlc  polar 

a;  (tall  f*®ld  litri)  lr  pi«f*nl  In  U«»>  figure*,  hat  that  Hie 

*1 is  tauird  ly  Ic  electron®  from  the  magnetic  ull  and 

net  ty  an  tslcr  effect  nee4*  to  he  investigated. 
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Section  5 

KNEHGETIC  PARTICIIS 


Section  5 

ENERGETIC  PARTICLES 

The  principal  information  on  the  low-energy  auroral  particle  fluxes 
has  been  derived  from  two  types  of  detectors,  one  for  the  electron  meas¬ 
urements  and  one  for  the  proton  measurements.  Bott  types  use  channel 
electron  multipliers  as  the  sensing  elements.  The  CME  detectors  arc 
individual  180°  permanent  magnet  spectrometers  used  for  the  electron 
measurements.  They  are  designed  with  broud,  flat,  response  functions 
and  are  arranged  contiguously  so  that  they  cover  the  energy  range  of 
interest  without  leaving  gaps.  A  group  of  such  spectrometers  is  oriented 
In  each  of  three  directions,  referred  to  as  the  0 °  detectors  (Group  1), 
the  55°  detectors  (Groups  2  and  3)  and  the  detectors  (Group  *•).  The 
characteristics  of  the  individual  units  ar*i  listed  in  Table  5.1.  The 
proton  detectors,  referred  to  as  CFP'c,  use  magnetic  brooms  to  sveop  out 
the  electrons,  and  thin  c&rbor  or  nickel  foils  to  define  the  thresholds 
to  incident  protons.  The  characteristics  of  these  detectors  are  also 
listed  in  Table  5.1. 

The  responses  of  some  of  these  detectors  for  the  nightside  traversals 
of  the  northern  and  southern  auroral  cones  on  Karch  22,  19&9  are  illustrated 
in  Each  traro  '*  the  output  of  a  logarithmic  ratesseter  which 

"omprefises  about  four  decades  of  dynamic  range  Into  the  illustrated  inter¬ 
vals.  The  pitch  angle  appropriate  to  the  Group  1  detectors  Is  shown  m  the 
top  curve  (lfc©°  corresponds  to  a  rlux  ccmlr  *  >iown  the  field  lin**s\  The 
C9fllC  detector  vui  experiencing  a  temporary  m*i  function  during,  part  of  the 
period  illustrated  and  its  output  has  been  replaced  in  the  plots  and  sub¬ 
sequent  calculations  by  that  of  OV)C.  The  **irst  double  peak  in  the  northern 
hemisphere  polar  cap  region  !•  an  In-flight  calibration.  As  the  satellite 
notes  southward  into  the  auroral  sene  It  encounters  a  highly  structured  flux 
of  soft  electrons,  which  rapidly  hardens  as  the  satellite  approaches  the 
lower  latitudes.  A  bread  double-peaked  re*  ion  of  proter  precipitation  Is 


Table  5.1 

Detector  Characteristics 


ll*t  (If 

Name 

T.V  1  *'  *  ot 

Fa rt  i  r  | '• 

A'  a  1 ’il 

Krterr„v  Ranro 
( keV ) 

Geometric  Factor 
(cm?  -  sr) 

Nominal 

Pointing 

Direction 

(den) 

CMKIA 

0.80  -  1.50 

8.70  X 

io‘(> 

0 

IB 

1.75  -  3-30 

8.10  x 

10-6 

0 

1C 

»• 

3.75  -  7.00 

9. 60  x 

10-6 

0 

ID 

V 

8.30  -  16.3 

2.56  X 

10"  ^ 

0 

IK 

1* 

17.30  -  37.0 

5.04  x 

10"5 

0 

IF 

o 

Bnrkrrounii 

•  •  * 

. 

0 

CFI’IH 

• 

V 

>  1.0 

1.30  X 

10-" 

0 

111 

• 

V 

>  38. 

1.30  X 

10"'1 

0 

W  V, 

9  • 

o.Bc*  -  i.yi 

7.  »*5  x 

I0-6 

55 

.11 

• 

•  9 

H.Pv  -  I6.5 

2.24  x 

10-5 

55 

CFI*?A 

I'’ 

>  5.0 

3.25  x 

.0-5 

55 

PC 

• 

P 

>  24. 

1.30  x 

10*** 

55 

PK 

• 

1* 

>  6yx>. 

1.30  X 

10-'* 

55 

<9K» 

m 

1.80  -  3.30 

8.45  X 

»0*6 

55 

3C 

• 

#» 

3.75  -  v.oo 

9.80  X 

10‘6 

55 

CFT3B 

■ 

P 

*  7.7 

3.25  x 

10'* 

55 

» 

• 

P 

>  38. 

1.30  x 

to"1* 

55 

OfC^A 

• 

t* 

o.tto  -  1.59 

7.60  x 

to*6 

90 

’•H 

• 

r 

l.do  -  3.25 

9.40  x 

to**1 

90 

!*C 

• 

3.70  •  7.00 

8.50  X 

I0*6 

90 

4» 

• 

*» 

B.40  -  16.3 

2.49  x 

»0*5 

90 

ws 

• 

p 

>  1**. 

6.50  X 

W» 

90 

«*D 

• 

r 

>  >9. 

6.50  X 

«0*» 

90 
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also  ••ncwurtered.  A  slallir  Requeue*  la  Illustrated  Tor  the  «outh«ro 
heal ..|4.*«r**  auroral  son*  traveroal  Sr.  ihla  figure  except  in  thin  case  no 
I  rt  •  «**r*  itl  Tf**t  typical  high-latitude  npectral  softening,  or 

*tr«*ns  Is  *l*irly  evident. 

Tati  .  * ««-  i*e  typl  a  I  t’lux  chartcterlnLica  derived  fits*  th*ae 

•*  •!,.  UM4  In»lle?t»t»Hi  i*y  th«*  letters  in  N|Wf  $»!•  Nr  the 
•  !•••* n<n  tier  flux  ..luwt.  is  Uw  lmaii,i«J  number  flux  of  electrons  wlih 
.  K  ••  1*  .J  u,i  Kt  r*pr«  cuts  the  flux  weighted  average  energy. 
y  r  th*»  protons  the  flux  is  ttv*  integral  number  flux  of  protons  with  E  *  9 
•V  »:  i  i,  r*»pivaentr.  the  dmructeriatlc  or  average  energy  of  an  aosiuwd 
exf*;  'ntlal  spectral  ihnp*  fitted  to  the  results  from  the  two  threshold 
!**•••  *ttjra. 


Table  *>.?. 

Flux  Character I at ice 


ixiint 

Universal 
Tin”  (see) 

Type  of 
Particles 

Kuxbcr  Flux 
(Particles/ 
car-aec-sr) 

Eo  (xcV) 

Pitch 

Angle 

(<*•«) 

A 

>o*. 

t 

P 

6.7b  x  106 

20.6 

9»* 

H 

>203 

• 

Ij 

3.1b  x  108 

7.76 

» 

C 

ym 

n 

3.39  *  108 

5.bb 

90 

D 

3S1-9 

• 

e 

3.31  *  107 

6.91 

12b 

K 

3*216 

<?’ 

5.32  *  107 

2.Wi 

125 

The  period  of  primary  Interest  for  the  inlercocsparison  of  the  Ion¬ 
ospheric  and  particle  neasuremert-,  l.e.,  the  first  225  orb 1 to,  was  a 
period  of  highly  variable  auroral  activity.  It  included  two  extremely 
"qul*!**  days  (designated  *Q  in  the  tables  of  Solar-Geophysical  Data)  and 
•Vur  "dl  ;iurtedM  days,  Including  a  prominent  magnetic  storm  on  23  and  2b 
March.  Th*  magnetic  activity  index  Ap  for  the  period  of  interest  is  plotted 
.n  FI, nire  The  data  in  Figur*  V3(A70  were  obtained  on  March  2b  during 

the  -tor*  peried  and  the  data  in  Figure  5-*(Albb)  were  obtained  during  the 


SI 


S4SSMS7  26  29  30  31  1  2  3 

MARCH,  IMS  APRIL,  1969 


Figure  5-2.  Magnstle  Activity  During  First  229  Revolutions 
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LOCKHEED  FALO  ALTO  RESEARCH  LABORATORY 

lOCINfli  Mlllllll  A  IMCI  COMPANY 


A 


l 


I 


( 


'JO  PA 

TED -3 

CFP-4D 

CFP-UB 


CFP-4C 

CFE-4B 

CFE-4A 

cme-4d 

cme-4c 

cme-Ub 


UT  (SECONDS)  171  271  371  471  571  671 

INVARIANT  CO-  15.4  17-9  21.9  26.7  32.1  37.7 

LATITUDE  (DEG) 


A97,  24  March  1969 


771 

43.7 


871 

50.2 


1 
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90  PA 


TED-3 

CFP-4D 

CFP-4B 


CFP-4C 

CFE-4B 

CFE-4A 

CME-4D 

CME-4C 

cme-4b 

CME-4A 


UT  (SECONDS)  37774  37874  37974  38074  38174  38274 

INVARIANT  COLATI-  2-3  8.9  15.7  22.5  29.3  35.8 

TUDE  (DEGREES) 

Figure  9-4.  Al44,  27  March  1969 
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quiet  day  of  27  March.  As  seen  in  the  figures,  a  substantial  difference 
in  the  general  level  of  auroral  activity  is  evidenced  between  the  two  days, 
arid  the  location  of  the  precipitation  region  has  shifted  significantly  in 
magnetic  latitude. 
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Section  6 


ION  grades  nt/pahticle  COMPARISONS 


Section  6 

Ion  Gradient/Particle  Comparisons 


6.1  Ion  Gradients 

In  Section  3  we  discussed  the  general  character  of  the  ion  concen¬ 
tration  data  that  was  obtained  from  the  0V1-18  vehicle  and  figures  were 
shown  depicting  this  data  for  eight  acquisitions  of  the  satellite.  Since 
there  are  a  rather  large  number  of  steep  gradients  in  the  ion  concentra¬ 
tion  plots  shown  there,  it  would  seem  appropriate  to  discuss  these  here. 
We  will  consider  in  detail  acquisition  66,  shown  in  Figure  3“1>  since  it 
seems  to  be  typical.  This  data  was  taken  during  a  period  of  rather  high 
magnetic  activity.  It  can  be  seen  that  a  number  of  the  large  gradients 
contain  significant  portions  that  are  dashed,  therefore  their  validity 
may  be  in  question.  The  first  one,  just  prior  to  34500  sec.  is  a  trough 
which  may  well  be  completely  suspect.  However,  the  second  trough,  at 
about  34800  sec.,  must  be  real,  although  its  exact  shape  may  be  different 
than  that  shown.  On  the  basis  of  this  suspect  data  only  the  troughs  at 
34500  sec.,  36100  sec.,  37200  sec.,  and  3^250  sec.  could  be  largely  elim¬ 
inated  or  really  drastically  reduced.  The  other  troughs  have  enough  good 
data  to  establish  at  least  one  wall,  as  indicated  by  the  solid  portion  of 
the  curve. 

The  auroral  zone  shown  at  35500  sec.  is  the  North  day  zone  and  the 
one  at  363OO  s<?c.  is  the  North  night  zone.  Between  these  two  zones  the 
spacecraft  is  traveling  through  the  Polar  Cap  region  and  the  ion  concen¬ 
tration  shows  a  lot  of  sharp  structure  as  would  be  expected.  However, 
the  total  ion  concentration  Is  higher  in  both  this  and  the  southern  polar 
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cup  ( 3B9OO  -  3900^  sec.)  than  is  usually  seen  at  this  altitude.  Since 
this  was  a  disturbed  period  of  time,  the  increased  ionization  in  the  polar 
caps  is  to  be  expected.  The  so-called  "mid* latitude”  troughs  appear  Just 
equatorward  of  the  night  auroral  zones  ( 36800  sec.  and  38OOO  sec.)  but  are 
not  particularly  prominant  features  in  Figure  3-1*  These  will  be  dis¬ 
cussed  in  greater  detail  later. 

The  rather  deep  troughs  at  about  36900  sec.  and  37800  sec.  are 
unusual  features  of  the  data.  No  explanation  is  available  for  their  exis¬ 
tence  although  similar  things  have  been  observed  at  night  on  other  satel¬ 
lite  flights.  Their  existence  does  seem  to  be  real,  however.  In  comparing 
this  data  to  that  obtained  from  other  satellite  flights,  the  most  stratling 
feature  is  the  large  amount  of  structure  seen  in  the  daytime  ionosphere. 
Normally  the  solar  photo ionization  completely  dominates  the  dayside  iono¬ 
sphere  with  a  relatively  smoothly  varying  distribution  of  ionization  with 
latitude.  It  may  be  that  the  high  magnetic  activity  during  this  pass  can 
account  for  this  structure  in  some  way. 

Examination  of  the  dashed  portions  of  the  curves  in  the  other  seven 
ion  concentration  plots  in  Section  3  reveal  that  most  of  the  gradients 
must  really  exist  because  they  are  established  by  one  wall  of  really  reli¬ 
able  data.  A  further  test  of  the  validity  of  the  troughs  and  gradients 
seen  on  the  individual  plots  is  a  comparison  of  these  features  on  differ¬ 
ent  acquisitions.  Experience  has  shown  that  most  latitudinal  features  of 
the  ionosphere  are  controlled  by  the  earth's  geomagnetic  field.  This  is 
to  be  expected  since  charged  particles  can  move  rather  freely  along  mag¬ 
netic  field  lines  but  require  significant  application  of  force  to  move 
them  across  field  lines. 
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The  most  effective  way  to  make  this  orbit  to  orbit  comparison,  then, 
would  be  to  plot  the  data  as  a  function  of  magnetic  latitude.  It  has  not 
been  convenient  to  do  that  at  this  point  with  the  data.  However,  an 
approximation  to  that  has  been  performed  to  enable  a  comparison  of  data 
from  two  different  acquisition,  66  and  97,  and  is  shown  in  Figure  6-1. 
This  figure  consists  of  a  portion  of  the  data  shown  in  Figure  3-1  (acqui¬ 
sition  66)  gcomagnetically  aligned  with  a  corresponding  portion  of  the 
data  shown  in  Figure  3-5  (acquisition  97)*  Each  curve  is  plotted  as  a 
function  of  Universal  Time  but  the  Magnetic  Latitude  iB  shown  on  500 
second  intervals.  The  magnetic  alignment  of  the  two  curves  was  done 
using  a  mid-latitude  magnetic  reference  point  and  the  alignment  is  prob¬ 
ably  best  at  middle  and  low  latitudes. 

Even  with  this  somewhat  crude  alignment  procedure,  common  gradient 
features  line  up  quite  well  as  are  indicated  by  the  four  double-headed 
arrows  shown  in  Figure  6-1.  Even  other  gradients  in  the  upper  curve 
appear  to  have  some  relationship  to  gradients  in  the  lower  curve.  Ihey 
do  not  appear  to  be  as  well  aligned  as  the  four  marked  by  the  arrows, 
but  perhaps  with  careful  plotting  of  the  data  against  magnetic  latitude 
these  differences  would  be  resolved.  In  any  event,  the  data  seen  in 
Figure  6-1  does  provide  a  validity  proof  that  the  observed  gradients 
seen  from  OVI-18  are  real  gradients  and  are  not  generated  by  the  rather 
erratic  motion  of  the  spacecraft. 

6.2  Gradient/Part icle  Comparisons 

One  of  the  main  objectives  of  this  Ion  Gradient  program  was  to  eval¬ 
uate  the  mechanisms  for  creation  of  horizontal  gradients,  and  in  particu¬ 
lar,  to  study  the  role  that  precipitated  energetic  particles  may  play. 


MAO  KZ TIC  UTRVDI  <4*0 


Figure  6-1  Comparison,  by  Geomagnetic  Alignment,  of  Certain  Ion 
Concentration  Gradients  Seen  in  Acquisition  66  and  97 
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The  upper  portion  ol'  Figure  6-2  shows  the  ion  concentration  data  through 
the  night  northern  auroral  zone  from  acquisition  66  of  OVI-18.  For 
reference,  t.hic  portion  of  data  is  taken  near  the  second  (from  the  left) 
"A"  region  In  Figure  3-1*  In  Figure  6-2,  however,  the  ion  concentration 
ir  plotted  on  a  J  incur  ncule.  In  the  lower  part  of  this  figure  is  a  plot 
of  (.he  integrated  preclpituted  electron  flux  in  the  1  to  37  keV  energy 
range.  Tills  dutu  is  obtained  by  summing  the  flux  measured  by  the  CMElA, 
CMElB,  CME3C,  CME1D,  and  CME1E  detectors  and  is  plotted  on  a  logarithmic 
scale  as  a  linear  function  of  time.  The  ion  concentration  and  the  pre¬ 
cipitated  flux  arc  plotted  against  the  same  time  scale  and  on  this  scale, 
at  100  sec.  intervals,  are  shown  the  pertinent  ephemeris  information. 

At  36,000  sec.  the  vehicle  is  in  the  polar  cap  region;  and  as  can 
be  seen  from  Figure  3-1,  the  vehicle  is  still  in  the  sunlight.  The  rela¬ 
tively  low  Ion  concentration  values  between  36,100  and  36,200  sec.  are 
typical  for  the  polar  cap  region.  Between  36,170  and  36,345  sec.  the 
auroral  zone  particles  are  observed.  Their  effect  upon  the  ionosphere 
is  shown  by  increased  ion  density  between  36,200  and  36,33!?  sec.  The  so- 
called  "mid-latitude  trough"  of  the  night  ionosphere  is  seen  between 
36,335  and  36,400  sec.  The  steep  gradient  side  of  the  trough  (at  36,335 
sec.)  is  seen  to  correlate  with  the  sudden  increase  of  precipitated  elec¬ 
trons  at  that  time.  This  is  remarkable  since  these  energetic  electrons 
deposit  their  energy,  and  thus  create  ionization,  at  about  120  km  alti¬ 
tude  whereas  this  ion  gradient  is  observed  at  about  483  hm  altitude. 

The  ionization  Increase  must  have  diffused  up  the  magnetic  field  line  to 
be  observed  by  OVI-18.  There  is  not  a  one-to-one  correspondence  between 
precipitated  flux  and  ionization  increase,  but  such  a  correspondence  can¬ 
not  really  be  expected  at  this  high  altitude. 
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Figure  6-2  North  Night  Zone  Comparison  of 

Ion  Concentration  and  Precipitated 
Electron  Flux  from  OVI-18  on 
March  22,  1969,  (Acquisition  66) 
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Figure  6-3  Is  a  plot,  aim  liar  to  Figure  6-2,  of  ion  concentration 
arid  proc  Ipitutod  electron  flux  in  the  southern  night  auroral  zone  on 
acquisition  66.  For  reference,  this  is  the  third  "A"  zone  from  the  left 
in  Figure  3-1*  The  vehicle  is  at  middle  latitudes  at  38,000  sec.  A 
narrow  "mid-latitude  trough"  is  seen  in  the  ionization  concentration  at 
38,100  sec.  and  then  an  ionization  increase  associated  with  precipitated 
particles  lx.- gins  and  is  evident  to  38,250  sec.,  at  which  time  the  ener¬ 
getic  electrons  are  no  longer  observed.  The  vehicle  is  in  the  polar  cap 
region  from  38,250  sec.  to  the  end  of  the  plot,  which  accounts  for  the 
low  ion  concentrations.  As  with  the  northern  zone,  here  there  is  a 
general  correlation  of  the  precipitated  particles  and  an  increase  in 
ionization,  but  there  is  not  a  one-to-one  correspondence.  The  measure¬ 
ment  altitude  (about  540  km)  is  well  above  the  place  where  the  precipi¬ 
tating  particles  deposit  their  energy  and  create  ionization.  It  does 
seem  quite  clear  that  at  least  some  of  the  gradients  observed  in  the 
ionosphere  are  caused  by  these  energetic  precipitating  particles. 

Figures  6-4  through  6-11  are  additional  ion  concentration/precipi¬ 
tated  electron  flux  plots,  similar  to  Figures  6-2  and  6-3,  for  other 
acquisitions  of  OVI-18.  In  these  plots  the  precipitated  electrons  are 
integrated  electron  fluxes  of  electrons  with  0.8  to  l6  keV  energy,  and 
are  obtained  by  adding  together  the  flux  measured  by  four  differential 
detectors  covering  this  energy  range.  Since  the  vehicle  was  tumbling, 
the  detectors  used  were  those  in  the  most  favorable  position  to  receive 
precipitated  electrons.  Also,  in  some  of  these  figures  there  is  a  bar 
over  some  portion  of  the  ion  concentration  data.  This  is  put  there  to 
indicate  places  where  the  ion  trap  may  not  have  a  favorable . view  into 
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South  Night  Zone  Comparison  of  Ion  Concentration 
and  Precipitated  Electron  Flux  from  OVI-18  on 
March  22,  1969  >  (Acquisition  66) 


the  velocity  vector  and  that  concentration  data  may  not  be  fully  reliable. 
The  portion  of  the  ion  concentration  curve  under  the  bar  is,  then,  a  "best 
guess"  value  for  that  region. 

Figure  6-4  is  a  south  night  auroral  zone  pass  from  acquisition  68, 
March  22,  1969.  The  left-hand  part  oi  the  figure  is  at  middle  latitudes 
and  the  right-hand  part  at  high  latitudes.  The  mid-latitude  trough  in 
ion  concentration  is  seen  at  about  60850  sec.  and  shortly  after  a  large 
gradient  increase  in  ion  concentration  is  seen  to  correspond  with  the 
appearance  of  precipitated  energetic  electrons.  The  pattern  of  energetic 
particle  precipitation  is  somewhat  more  extensive  than  the  pattern  of 
enhanced  ionization,  which  is  due  probably  to  the  high  altitude  of  the 
vehicle  and  the  great  variability  of  precipitated  particles. 

Figure  6-5  is  a  night  north  auroral  zone  pass  of  the  vehicle  on 
March  23,  1969*  On  the  left  the  spacecraft  is  in  the  polar  cap  (high 
latitude)  region  and  proceeds  through  the  auroral  zone  to  middle  lati¬ 
tudes.  The  ionization  peak  near  6950  sec.  correlates  rather  well  with  a 
peak  of  precipitated  electron  flux,  although  the  flux  seen  between  6800 
and  69OO  sec.  appear  to  have  little  affect  on  the  ionosphere  at  satellite 
altitude.  The  ionospheric  raid-latitude  trough  is  seen  centered  at  7100 
sec. 

Figure  6-6  is  a  night  north  auroral  zone  pass  frost  acquisition  82, 
March  f 3,  1969.  It  starts  (on  the  left)  with  the  spacecraft  in  the  polar 
cap  region  and  passes  to  middle  latitudes.  The  large  gradients  in  ion 
concentration  seen  between  58OOO  aec.  and  58125  sec.  appear  to  correlate 
with  energetic  electron  precipitation  in  that  location.  However,  the 
energetic  flux  near  58200  sec.  does  not  appear  to  have  any  affect  on  the 
ionosphere  at  satellite  heights. 
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Fleurs  6-4  South  light  Zone  Can  per  Ison  of  Ion 
Concentration  end  Precipitated  Elec¬ 
tron  Flux  free  OYI-10  on  Kerch  22, 
1969  (Acquisition  68) 


Figure  6-5  Night  North  Zone  Comparison  of  Ion 
Concentration  and  Precipitated  Elec¬ 
tron  Flux  from  OVI-18  on  March  23> 
1969  (Acquisition  6l) 
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Figure  6-6  Night  North  Zone  Comparison  of  Ion  Con¬ 
centration  and  Precipitated  Electron  Flux 
from  OVI-18  on  March  23>  1969 
(Acquisition  82) 


The  next  figure,  Figure  6-7,  is  the  south  auroral  zone  crossing  from 
this  same  acquisition,  number  82.  Here  the  curve  starts  with  the  vehicle 
at  mid-latitudes  and  passes  into  the  southern  polar  cap.  The  mid-latitude 
trough  in  the  ionosphere  is  broad  and  not  veiy  deep,  extending  from  60000 
sec.  to  60250  sec.  The  abrupt  onset  of  energetic  electrons  at  about  60125 
sec.  did  not  appear  to  have  an  affect  on  the  ion  concentration  at  the 
satellite.  The  ion  concentration  gradients  seen  between  60250  and  60400 
sec.  do  not  appear  to  correlate  with  the  observed  precipitated  electrons. 

Figure  6-8  is  the  north  night  auroral  zone  crossing  from  acquisition 
97 ,  March  24,  1969.  The  polar  region  is  to  the  left  and  the  mid-latitude 
region  to  the  right.  Very  large  gradients  are  observed  in  the  ion  concen¬ 
tration  and  these  seem  to  relate,  at  least  in  a  general  way,  to  the  pattern 
of  precipitated  energetic  electrons.  The  electron  flux  appears  to  be 
located  at  a  higher  latitude  than  the  enhanced  ionization.  A  shift  of  the 
electron  flux  curve  about  75  seconds  to  the  right  would  bring  the  two 
curves  into  rather  good  agreement. 

Figure  6-9  is  a  night  north  auroral  zone  crossing  from  acquisition 
128,  March  26,  1969.  Although  ion  concentration  gradients  are  observed 
in  the  high  latitude  region  (left  side  of  figure),  they  do  not  seem  to 
correlate  with  the  location  of  the  observed  precipitated  electron  flux. 
Also,  in  this  figure  the  mid-latitude  trough  seems  very  broad  and  shallow. 

On  this  same  acquisition  (128),  data  were  obtained  for  the  south  night 
auroral  zone  crossing  and  is  shown  in  Figure  6-10.  In  the  mid-latitude 
region,  shown  on  the  left  of  the  figure,  the  ion  concentration  is  rela¬ 
tively  high.  The  raid-latitude  trough  appears  to  be  the  feature  shown 
between  40550  and  40600  sec.  UT.  The  increase  in  ion  concentration 
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Figure  6-7  South  Right  Zone  Comparison  of  Ion  Concen¬ 
tration  and  Precipitated  Electron  Flux 
from  OVI-18  on  March  23,  1969 
(Acquisition  82) 
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riiuiv  6-8  North  Mlfbt  Zoos  Comparison  of  Zoo 
Concentration  ud  Precipitated  Bloc* 
troo  Flux  fron  OTI-18  00  Ihrch  2A, 
1969  (Acquisition  97) 


Fleur*  6-9  Forth  Right  Zone  Comparison  of  Ion 
Concentration  and  Precipitated  Elec 
tron  Flux  from  OVX-18  on  Mirch  26, 
1969  (Acquisition  128) 
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Figure  6-10  South  Nigvt  Zone  Comparison  of  Ion 
Concentration  and  Precipitated  Elec¬ 
tron  Flux  from  OVT-18  on  March  26, 
1969  (Acquisition  128) 
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following  that  trough  seems  to  preceed  the  energetic  electron  input  by 
about  150  seconds.  The  observation  of  variable  structure  in  the  ion  con¬ 
centration  between  40750  and  40900  sec.  ITT  followed  by  rather  low  ion 
density  (in  the  polar  cap  region)  is  not  unusual. 

The  final  figure  in  this  series  of  comparisons,  Figure  6-11,  con¬ 
tains  data  from  acquisition  134,  March  26,  1969*  This  is  a  north  night 
auroral  zone  crossing  and  here  we  can  see  a  case  with  a  lot  of  gradients, 
but  one  in  which  the  precipitated  particles  seem  to  be  anti-correlated 
with  the  ion  concentration.  The  mid-latitude  trough  is  seen  in  the  right 
hand  portion  of  the  curve  at  67440  sec.  UT.  Moving  to  the  left  from  that 
the  enhanced  peak  of  ion  concentration  occurs  near  the  onset  of  the  meas¬ 
urement  of  energetic  electron.  However,  while  the  energetic  electron 
flux  remains  high  (moving  to  the  left)  the  ion  concentration  soon  goes  to 
a  deep  minimum,  rising  again  near  (or  in)  the  polar  cap. 

The  data  obtained  from  OVI-18  were  all  taken  at  altitudes  above 
about  450  km  which,  as  we  have  stated  previously,  is  well  above  the  heights 
at  which  the  measured  precipitated  electrons  transfer  their  energy  to  the 
atmosphere  and  ionosphere.  So,  comparisons  of  ion  gradients  and  energetic 
particles  can,  at  best,  be  loosely  qualitative.  For  the  purposes  of  com¬ 
parison  we  have  included  in  this  report  some  ion  concentration/energetic 
particles  plots  obtained  from  a  DASA  auroral  package  flown  on  a  low  alti¬ 
tude,  polar  orbiting,  Air  Force  Satellite  in  November  1965  (1965-9QA)* 

This  data,  shown  in  Figure  6-12,  comes  from  four  (4)  different  passes  of 
the  satellite  over  the  northern  night  auroral  zone  at  altitudes  ranging 
from  195  to  171  km.  In  this  figure  ion  concentration  is  plotted  on  a 
logarithmic  scale  as  a  linear  function  of  time.  The  precipitated  particle 
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Figure  6-11  North  Night  Zone  Comparison  of  Ion 
Concentration  and  Precipitated  Elec¬ 
tron  Flux  from  OVI-18  on  March  26, 
1969  (Acquisition  13k) 


6-19 


flux  ic  shown  lri  the  lower  set  of  curves  and  Is  plotted  on  an  arbitrary 
loguriUmlc  sculc  ns  a  linear  function  of  time.  The  effect  of  the  pre¬ 
cipitated  jmrticleu  on  the  Ion  concentration  Is  dramatic  In  each  of  the 
four  cusoa  :;tiown.  TIk*  correlation  between  Incoming  particle  flux  and  the 
ionization  Increase  la  cubntantlally  better  In  this  figure  than  In  the 
other  l'lgurec  of  this  section.  This  Is  to  be  expected  since  the  data  In 
Figure  9  are  token  at  much  lower  altitudes  than  that  taken  In  OVI-18. 

There  Is  still  not  a  one-to-one  correspondence  between  Incoming  particles 
and  increased  ionization  since  even  the  171  km  altitude  measurement  is 
made  somewhat  above  the  region  where  the  majority  of  the  ions  are  created 
by  the  energetic  particles. 

The  conclusion  to  be  drawn  from  this  comparison  la  that  precipitated 
particles  In  the  nighttime  auroral  zone  give  rise  to  significant  ioniza¬ 
tion  gradients  at  low  altitudes  and  that  these  effects,  although  reduced 
In  magnitude,  are  also  seen  at  altitudes  as  high  as  50C  km,  well  above 
the  Fg  peak  In  the  Ionization.  At  these  high  altitudes  their  effect  must 
come  about  by  diffusion  up  from  the  altitude  of  interaction.  This  creates 
a  time  delay  in  their  observation  as  well  as  a  possible  smearing  out  of 
certain  characteristics.  This  presumably  accounts  for  why  soma  relatively 
good  correlations  are  observed  (i.e.f  Figure  6*8)  and  some  almost  antl- 
corrclations  are  also  seen  (i.e.,  Figure  6-ll). 
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Section  7 


Summary  and  Conclusions 

The  OVI-18  cutcllitc  wac  launched  on  18  March  1969  into  a  99°  incli- 
1  tut  ion  orbit  with  a  [fjQ  km  apogee  and  a  469  perigee.  A  major  portion  of 
the  payload  was  the  HIGLO  package  which  contained  13  instruments  for 
measuring  ion  concentration  and  temperature,  electron  concentration  and 
temperature,  epithermal  electron  energy  distribution,  energy  distribution 
of  precipitated  electrons  and  protons,  angular  and  spatial  distribution 
of  these  same  particles,  and  the  intensity  and  distribution  of  the  very 
energetic  particles  which  arc  the  cause  of  Polar  Blackout.  All  of  the 
13  instruments  operated  successfully  on  orbit  and  provided  valuable  data. 
After  Iti  months  or  on-orbit  operation,  11  of  the  Instruments  were  still 
providing  excellent  data. 

Under  the  present  contract  detailed  analysis  has  been  carried  out 
on  the  data  obtained  from  satellite  acquisitions  prior  to  nimber  225. 

Since  the  satellite  failed  to  achieve  its  intended  earth-oriented  condi¬ 
tion,  but  rather  performed  a  complex  tumble  motion,  significant  portions 
of  the  data  were  lost  due  to  instruments  pointing  in  ineffective  direc¬ 
tions.  In  addition,  data  analysis  was  made  substantially  more  difficult 
for  the  same  reason.  Nevertheless,  significant  results  were  obtained 
from  the  study. 

During  the  first  225  orbits  of  the  spacecraft,  there  were  periods 
of  considerable  aa&ietlc  activity.  Zn  fact,  the  first  orbits  of  data  were 
obtained  during  a  highly  disturbed  period.  The  ion  concentration  curves 
for  these  orbits  showed  a  great  deal  of  horizontal  concentration  structure 
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(gradients).  A  number  of  the  features  appeared  to  be  geomagnetically  con¬ 
trolled,  or  oriented,  as  seen  by  comparing  different  orbits  that  are 
geomagnetically  aligned.  The  presence  of  so  many  gradient  features  is 
surprising  due  to  the  rather  high  altitude  of  the  spacecraft  and  remains 
an  outstanding  unresolved  item  from  this  study. 

On  the  other  hand,  many  large  gradient  features  were  expected  to  be 
observed  in  the  high  latitude  portion  of  each  acquisition.  These  were 
seen  and  the  presence  of  many  of  them  were  related  to  the  onset  or  demise 
of  precipitated  energetic  electrons  in  the  0.8  to  1 6  keV  energy  range. 
Correlation  in  detail  between  precipitated  electrons  and  the  ion  concentra¬ 
tion  gradients  was  not  expected  as  the  satellite  measurement  of  the  ions 
wes  at  an  altitude  much  above  the  altitude  where  the  precipitated  electrons 
have  their  greatest  affect  on  the  ionosphere.  The  precipitated  particles 
are  very  variable,  both  in  intensity  and  location,  and  so  he  ionization 
effects  seen  on  a  given  pass  are  the  result  of  energetic  particles 
deposited  at  some  earlier  time.  Under  such  circumstances,  it  is  really 
surprising  that  any  correlation  exist  at  all.  An  earlier  (1965)  flight  of  a 
low  altitude  Air  Force  satellite  gave  data  with  rather  high  correlation 
between  precipitated  energetic  electrons  and  ion  concentration  enhancements 
and  corroborates  the  above  conclusion. 

It  is  possible  to  conclude  that,  at  altitudes  near  500  km,  very  sig¬ 
nificant  horizontal  gradients  do  occur  in  the  ionosphere.  Most  of  these 
gradients  appear  to  be  geomagnetically  controlled  and  some  them  (high 
latitudes)  definitely  seem  to  be  created  by  the  precipitated  auroral  zone 
particles. 


7-2 


